Conversion Factors, Vertical Datum, and Definition of Terms Conversion Factors

Multiply
By To obtain acre acre-foot (acre-ft) acre-foot per acre (acre-ft/acre) foot ( Temperature is given in degrees Fahrenheit (°F), which can be converted to degrees Celsius (°Q by the following equation: °C = (°F-32)/1.8.
Vertical Datum
Sea level: In this report "sea level" refers to the National Geodetic Vertical Datum of 1929 a geodetic datum derived from a general adjustment of the first-order level nets of the United States and Canada, formerly called Sea Level Datum of 1929.
INTRODUCTION
The San Joaquin Valley, California, is one of the most productive agricultural areas in the United States. Continued agriculture in large parts of the western valley is subject to potentially adverse environmental effects of the high concentrations of selenium and other soluble trace elements present in the soil, ground water, and agricultural drainwater. The occurrence and movement of soluble constituents are related to the movement of ground water in which they are dissolved. Thus, the ground-water flow system must be understood in order to manage these contaminants.
A key component in understanding the groundwater flow system in the central part of the western San Joaquin Valley is the development of a numerical simulation model. The principal driving forces of the flow system are ground-water pumpage and application of water for irrigation. Development of an accurate model of the flow system requires estimation of the area! distribution of recharge, and the area! and vertical distribution of ground-water pumpage. This report presents a water-budget approach to make estimates of these factors.
This study is part of a comprehensive investigation by the U.S. Geological Survey of the hydrology and geochemistry of the San Joaquin Valley. The studies are being done as part of the Regional Aquifer-System Analysis Program of the U.S. Geological Survey and in cooperation with the San Joaquin Valley Drainage Program.
Average precipitation is 6.5 to 8 in. on the valley floor, decreasing from north to south, and occurring mostly in the winter. Temperatures range from an average daily minimum of about 35°F to an average daily maximum of about 102°F (Gilliom and others, 1989) .
The study area is south of the Merced-Fresno County line in the central part of the western San Joaquin Valley ( fig. 1 ). It is bounded to the west by the Coast Ranges, to the east by the San Joaquin River and Fresno Slough, and to the north and south by the lateral extent of the Little Panoche Creek and Cantua Creek alluvial fans. The study area corresponds to the model grid used for simulating the ground-water flow system. Preliminary results of steady-state modeling for this area are presented by Phillips and Belitz (1991) .
HYDROGEOLOGY
The study area is underlain by the Pleistocene Corcoran Clay Member of the Tulare Formation of Pleistocene age, which divides the ground-water flow system into an upper semiconfined zone and a lower confined zone. In the semiconfined zone, three hydrogeologic units can be distinguished: Coast Ranges alluvium, Sierran sand, and flood-basin deposits.
The Coast Ranges alluvium consists of poorly sorted alluvial-fan deposits derived from the Coast Ranges to the west. The thickness ranges from more than 800 ft near the Coast Ranges to 0 ft near the valley axis (Miller and others, 1971) . Textures range from more than 80 percent sand and gravel in the fanhead regions to more than 80 percent silt and clay in the distal regions (Laudon and Belitz, 1991) .
As the Coast Ranges alluvium thins to the east, it interfingers with sediment derived from the Sierra Nevada. At depth, the Sierran deposits are primarily well-sorted micaceous sand. The Sierran sand is as much as 400 ft thick in the valley trough and thins to the east and west (Miller and others, 1971 ).
Flood-basin deposits form a thin layer (5 to 35 ft thick) of fine-grained materials in the valley trough. They are primarily composed of sediments derived from the Coast Ranges and the Sierra Nevada.
The Corcoran Clay Member of the Tulare Formation consists of silty clay to clayey silt in the upper two-thirds of the unit and sand-silt-clay to clayey silt in the lower one-third of the unit (Bull, 1975) . The base of the unit ranges from more than 850 ft in depth along the Coast Ranges to 400 ft along the valley trough (Bull and Miller, 1975) . The Corcoran Clay Member ranges in thickness from 20 to 120 ft (Miller and others, 1971 ).
The lower confined zone below the Corcoran Clay Member consists of poorly consolidated floodplain, deltaic, alluvial-fan, and lacustrine deposits of the Tulare Formation. The confined zone extends several hundred feet below the Corcoran Clay Member before saline water is encountered. Belitz and Heimes (1990) provide a description of the character and evolution of the ground-water flow system in the central part of the western San Joaquin Valley. Gilliom and others (1989) provide a preliminary assessment of the sources, distribution, and mobility of selenium in the San Joaquin Valley.
IRRIGATION HISTORY
The study area consists of all or parts of 11 water districts: Firebaugh, Mercy Springs, Eagle Field, Oro Loma, Widren, Tranquillity, Fresno Slough, Panoche, Broadview, San Luis, and Westlands Water Districts ( fig. 2 ). Agricultural activity in the study area began as early as the 1870's (Belitz and Heimes, 1990) . Agricultural irrigation with ground water was recognized as early as 1912-24 in parts of the area now occupied by Tranquillity, Panoche, Broadview, and Westlands Water Districts (Bull and Miller, 1975; and Association of California Water Agencies, written commua, 1985) . By 1940, the area irrigated by ground water increased to encompass all the area now within the Mercy Springs, Broadview, and Panoche Water Districts. By 1950, most of the study area was irrigated by ground water, except for the area now within the Firebaugh and Oro Loma Water Districts (which by 1940 were irrigated wholly by surface water, or supplemented by ground water) and the area along the boundary of the valley deposits.
Most of the water needed to meet agricultural demands was pumped from beneath the Corcoran Clay Member of the Tulare Formation. By 1952, the pumping had caused the potentiometric head in the central part of the western valley to be drawn down 100 to 200 ft from the presumed predevelopment altitude. By 1967, the potentiometric head had been drawn down 300 to 400 ft from the presumed predevelopment altitude. As a result of land subsidence, increased pumping lifts, and degradation of water quality, surface water was imported from the Sierra Nevada through the Central Valley Project (CVP). As surface water became the primary source of irrigation, the total quantity of applied water increased; however, the quantity of water removed from the system (through pumping) decreased. As a result, the potentiometric surface of the confined zone rose by as much as 200 to 300 ft between 1967 and 1984 in some parts of the study area. Similarly, the water- The study area can be characterized by three areas on the basis of depth to the water table less than or equal to 10 ft, greater than 10 and less than or equal to 20 ft, and greater than 20 ft. Areas where the water table is within 10 ft of the land surface are relatively low topographically and are subject to drainage problems and bare-soil evaporation. Areas where the water table is more than 20 ft below land surface have greater relief and elevation and are not presently subject to drainage problems. Areas where the depth to the water table is between 10 and 20 ft are areas with potential for developing drainage problems in the future.
DATA ACQUISITION
CROP-WATER REQUIREMENT
Crop-water requirement is the depth of water per unit area that needs to be applied to a specific crop for maximum yield and is calculated from consumptive use and effective precipitation values for each crop. Consumptive use is the depth of water (acrefeet per acre, or feet) transpired by a specific crop, retained in plant tissue, and evaporated from adjacent soil surfaces during the growing season. Effective precipitation is that part of consumptive use satisfied by rainfall. Crop-water requirement is the difference between consumptive use and effective precipitation.
Estimates of consumptive use and effective precipitation for specific crops grown in the study area are available from the Westlands Water District (Byron Steinert, written commun., 1987) 
SURFACE-WATER DELIVERY
Surface-water delivery data were obtained from the U.S. Bureau of Reclamation (198 Ib, 1985b) and W.E. Templin (U.S. Geological Survey, written commun., 1989). The Bureau of Reclamation reports surface water in acre-feet delivered to a water district. Although W.E. Templin (U.S. Geological Survey, written commun., 1989) presents surface-water delivery in acre-feet per section for each water district, only Broadview, San Luis, and Westlands Water Districts were metered at their delivery point. Values for the other water districts were extrapolated using various methods from the information provided by the individual water districts and, in some cases, data from the U.S. Bureau of Reclamation (198 Ib, 1985b) . W.E. Templin (U.S. Geological Survey, written commun., 1989) describes the methods used to incorporate the information into a common data base and also reports problems associated with the data. For example, some reported surface-water delivery also could include surface water from other water districts or reclaimed water. The Bureau of Reclamation values were used except where section data were needed or where surface water was transferred between water districts and not accounted for in the Bureau of Reclamation values. 
GROUND-WATER PUMPAGE
Ground-water pumpage is not directly measured in the central part of the western San Joaquin Valley. Diamond and Williamson (1983) used electrical usage data to estimate ground-water pumpage for 1961-77. Those data were reported on a township basis (36 mi2). In this study area, pumpage estimates from all or part of 26 townships were used to extrapolate ground-water pumpage to the nine subareas. Diamond and Williamson (1983) do not provide estimates of ground-water pumpage after 1977. Therefore, as an indicator of ground-water pumpage for 1980 and 1984, the average of their 1974, 1975, and 1976 estimates were used. This assumption is reasonable because pumpage since 1974, with the exception of the drought year of 1977, has been relatively constant. 
WATER-BUDGET ANALYSIS
A water-budget approach was applied to determine estimates of ground-water recharge and pumpage. This approach requires an accounting of water coming into and going out of a defined system. In this study, the top of the system is the land surface, and the bottom of the system is defined by the depth of the crop roots. Water entering the top of the system is accounted for by surface-water delivery and irrigation by ground-water pumpage; water leaving the system is accounted for by crop evapotranspiration and recharge to the water table (ground-water recharge). Although some of the rain that falls on the valley floor contributes to fulfilling crop evapotranspiration, Davis and Poland (1957) and subsequent workers assumed that rainfall was an insignificant mechanism for recharging the system under natural conditions. Although these components displayed seasonal variation, the primary purpose of the model was to simulate long-term trends, and yearly time steps were used in the model. Therefore, waterbudget components were based on average values for the designated years. This approach is used to estimate recharge from irrigation of agricultural lands, which results from percolation of irrigation water beyond the root zone and from seepage losses from unlined ditches within the fields. Recharge from major canals, such as the California Aqueduct, is not addressed here.
Initial and revised water budgets were calculated for the study area. The initial water budget used the available surface-water and crop-acreage data, along with the ground-water pumpage estimates of Diamond and Williamson (1983) , to estimate ground-water recharge and irrigation efficiency. The revised water budget used the available surface-water and cropacreage data, along with estimated irrigation efficiencies, to estimate ground-water recharge and ground-water pumpage.
Water budgets were prepared for 1980 and 1984. These years are within the period of relatively steady ground-water use and fluctuating surface-water deliveries (1974 to present), which are representative of present practices-1980 is an average year in terms of weather, crops planted, and surface-water delivered; 1984 has a higher than average crop-water requirement and higher than average surface-water delivery. These two years correspond to two of the three time periods used in the preliminary steady-state modeling by Phillips and Belitz (1991) .
For the purposes of analysis, the study area was organized into nine water-budget subareas: Firebaugh, Tranquillity, Panoche, Broadview, San Luis, Westlands a, Westlands b, Westlands c, and Westlands d (fig. 3 ). Subarea boundaries do not coincide with water-district boundaries, but are the closest approximation of the boundaries within the constraints of the data and the model cell locations. Information from Firebaugh, Mercy Springs, Eagle Field, Oro Loma, and Widren Water Districts were aggregated to calculate water-budget components for the Firebaugh subarea. Similarly, Tranquillity and Fresno Slough Water Districts were aggregated to calculate water-budget components for the Tranquillity subarea. More than one-half of San Luis and Westlands Water Districts lie outside the study area. To focus the analysis on the study area, only section data from San Luis and Westlands Water Districts representative of the study area were used. (The data are geographically referenced to the rectangular system for the subdivision of public land, the Public Land Survey System.)
The four areas within the Westlands Water District are characterized by depth to water table of less than or equal to 10 ft; greater than 10 ft and less than or equal to 20 ft; greater than 20 ft with surface-water delivery; and greater than 20 ft without surface-water delivery. These areas are consistent with the areas of shallow ground water which is of concern to the San Joaquin Valley Drainage Program. The designation of areas with and without surface-water delivery is based on the observation that areas without surface-water delivery are planted with crops with lower crop-water requirement.
In order to use the compiled data in the waterbudget analysis and ultimately in the ground-water model, the data need to be converted into a consistent and transferable form. For this study, a representative depth (feet) of crop-water requirement, surface-water delivery, ground-water pumpage, and ground-water recharge is calculated for each subarea. Because the extent of the subareas differs from the extent of the water districts, or parts of the water districts they represent, the volume of the water-budget components are summarized for the water districts and then are normalized by the area of the water districts. This value is then assigned to the subarea. This process is best illustrated by following the explanation for the Firebaugh subarea, which is made up of the Firebaugh, Mercy Springs, Eagle Field, Oro Loma, and Widren Water Districts. To calculate crop-water requirement, the crop-water requirement (feet) for each crop (from table 1) was multiplied by tiie crop acreage (acre) planted in that crop (table 2).
The volume crop-water requirement (acre-feet) for each crop type was then summed for these water districts. The total volume crop-water requirement (acre-feet) was then divided by the total area (acre) of the water districts to provide an average depth of crop-water requirement (feet).
Similarly, total volume of surface-water delivery (acre-feet) is summed for these water districts. This total volume was then divided by the total area of the water districts (acre) to obtain an average depth of surface-water delivery (feet).
Ground-water pumpage is reported as volume (acre-feet) per township. Pumpage was calculated for the water districts assuming that pumpage was evenly distributed over the township. The proportion of each township that was within a given water district was then determined and that proportion of township pumpage was assigned to the water district. Pumpage from the townships and parts of townships was then aggregated for these water districts. The total pumpage was then divided by the total area of the water district acreage to derive an average depth of ground-water pumpage.
INITIAL WATER BUDGET
The objective of the initial water budget was to estimate ground-water recharge and irrigation efficiency from the components determined in the previous sections. However, during that process, analysis of the results indicated that the ground-water estimates extrapolated from Diamond and Williamson (1983) may be inappropriate for this application. At the same time, examination of the subareas in Westlands Water District suggested an inverse relation between the depth to water table and irrigation efficiency, which was used in revising the water budget.
In this study, inflow can be accounted for by surface-water delivery (SW) and ground-water pumpage (GW), and outflow can be accounted for by crop-water requirement (CWR) and ground-water recharge (GWK). Assuming no change in storage, ground-water recharge can be calculated according to the following equation:
These components also can be used to calculate irrigation efficiency (IE), which is the percentage of the total amount of water applied that is directly evaporated from soil and plant surfaces or retained within the root zone to be transpired at a later time:
This value, together with recharge, is calculated as an aid to understand the system and to evaluate the quality of the ground-water pumpage estimates.
Average depth of crop-water requirement, surface-water delivery, and ground-water pumpage (Diamond and Williamson, 1983) for each subarea are given in table 3. Ground-water recharge and irrigation efficiency calculated from these components also are given. Table 3 shows that ground-water recharge ranges from -1.42 to 1.41 ft for 1980 and -1.48 to 1.35 ft for 1984. Irrigation efficiency ranges from 52 to 880 percent for 1980 and 55 to 922 percent for 1984. Negative recharge rates and irrigation efficiency values greater than 100 percent indicate subareas where applied water (surface and ground water) is not sufficient to meet crop-water requirement.
Subareas with negative recharge rates and irrigation efficiency values greater than 100 percent do not receive surface water and therefore rely entirely on ground-water pumpage (table 3). These areas are further characterized by plantings of crops with lower crop-water requirement than areas with surface-water delivery. Subareas without surface-water delivery are small, generally less than 9 mi2, compared to the pumpage data base, which is reported on a township basis (36 mi2). This indicates that the ground-water estimates could be in error, at least at the scale required for this study. It is also possible that these areas could represent direct evapotranspiration from the water table by the crops, but because the depth to the water table is greater than 200 ft, this is unlikely. Therefore, these estimates are poor and an alternative to this initial water budget is needed. In the revised water budget, a crop-based approach was used to estimate water-budget components. A crop-based approach requires estimates of irrigation efficiency for each of the nine subareas.
IRRIGATION EFFICIENCY
In order to proceed to the revised water budget, a method of assigning a value for irrigation efficiency to each subarea must be determined. Irrigation efficiency for the nine subareas (table 3) indicates no clear pattern in terms of the area! distribution of irrigation efficiency. Data for the four subareas within the Westlands Water District indicate an inverse relation between irrigation efficiency and the depth to water table. The relation between irrigation efficiency and the depth to water table was evaluated by focusing on those sections within the Westlands Water District that receive surface-water delivery. Sections without surface-water delivery were excluded because the preliminary water budget indicated that ground-water pumpage data estimated from electrical usage data cannot be disaggregated at scales smaller than townships.
For the subareas representing each depth to the water table range, crop type and acreage, surfacewater delivery data, and pumpage estimates for sections receiving surface-water delivery were aggregated to calculate irrigation efficiency. These values for 1980 and 1984 are given in table 4. These values show that as depth to the water table increases, irrigation efficiency decreases. This relation reflects the fact that areas of shallow ground water are subject to drainage problems. Farmers in these areas are encouraged to be more efficient in their irrigation practices because excess water contributes to rising water levels (Westlands Water District, written commun., 1985 Greater than 10 ft and less than or equal to 20 ft
Greater than 20 ft
For water-budget subareas with more than one range of depth to water table, an irrigation efficiency was calculated using an area-weighted average.
The reliability of the irrigation efficiency values based on the depth to water table can be evaluated by comparing them with other investigations of regionalscale irrigation efficiency. Burt and Katen (1988) evaluated irrigation efficiency in 83 fields (about 11,000 acres) in the central part of the western San Joaquin Valley during 1986-87. The 83 fields were planted in more than seven crop types and the depth to water table was within 10 ft of land surface in all Burt and Katen (1988) measured or calculated water-budget components including: applied water, beneficial use (applied water used by crops), effective precipitation, deep percolation (ground-water recharge), and evaporative and runoff losses during irrigation. For the 83 fields examined, the average amount of irrigation water applied during the 1986-87 irrigation season was 2.5 acre-ft/acre, the average irrigation efficiency was 66 percent, and deep percolation for the year was 0.8 acre-ft/acre. Evaporative and runoff losses were negligible (for example, losses were smaller than the reported level of accuracy of the study).
The average irrigation efficiency reported by Burt and Katen (1988) is lower than the results of this investigation. In order to resolve the difference in results between Burt and Katen (1988) and this study, it is worthwhile to examine Burt and Katen's (1988) data for the 83 fields.
Examination of Burt and Katen's (1988) data for 83 fields shows that six crops in these fields are planted in a distribution similar to that in the Westlands Water District in areas where the depth to the water table is less than or equal to 10 ft. The acreage planted in these six crop types make up 70 percent of Burt and Katen's study area and 62 percent of the Westlands crop acreage. Irrigation efficiency is calculated by concentrating on the acreage planted in these six crop types. Burt and Katen's beneficial use values, which are used in calculating irrigation efficiency, differ from the crop-water requirement values provided by Westlands Water District. Although it is impossible to say which are "correct," Westlands Water District crop-water requirement values are used here for consistency. With these assumptions, the irrigation efficiency calculated for Burt and Katen's (1988) sample is 78 percent This value is within the range of irrigation efficiency for 1980 and 1984 for areas with depth to water of less than or equal to 10 ft.
In another study of local scale, Hoffman and Steinert (U.S. Department of Agriculture, written commun., 1987) studied four fields in the study area, two in the areas of shallow water table and two upslope of this area. They calculated irrigation efficiency slightly differently, by adding effective rainfall to the crop-water requirement in the numerator, and rainfall to the applied water in the denominator. They found as in this study that the average upslope irrigation efficiency (55 percent) was lower than the average downslope irrigation efficiency (76 percent).
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REVISED WATER BUDGET
The revised water budget culminates the process of quantifying recharge to the water table and groundwater pumpage for the nine subareas that represent the study area. In the revised water budget, surface-water delivery and crop-acreage data, along with the relation between irrigation efficiency and depth to water table, are used to estimate these essential components of the ground-water model. To do this, a crop-based approach is used. Irrigation requirement can be defined as the depth of water, surface water and ground water, required to meet crop-water requirement for normal crop production plus leaching requirements and losses caused by inefficiency in irrigation. Almost all fields in the Central Valley receive enough water to fulfill plant needs, which maximizes crop-water requirement. Agriculture in California tends to be oriented to maximize crop production rather than to minimize crop-water requirement (Williamson, 1982) . Additionally, irrigation requirement generally exceeds cropwater requirement because of the inefficiencies in irrigation, particularly distribution nonuniformity (Burt and Katen, 1988) .
Subarea crop-water requirement and irrigation efficiency values are used to calculate irrigation requirement. The irrigation requirement is then compared with surface-water delivery to determine if groundwater pumping is necessary. Ground-water recharge is evaluated by comparing crop-water requirement with applied water (for example, surface water which may or may not be supplemented with ground water).
The irrigation requirement is calculated by rearranging equation 2 for irrigation efficiency:
Average depth of crop-water requirement and irrigation efficiency for the nine subareas are described in previous sections of this report and are shown in table 5 for 1980 and 1984.
Irrigation requirement can be supplied by surface water, if available, and by ground-water pumpage, if needed. Although surface-water delivery data are available by section or water district for the entire study area, ground-water pumpage must be estimated. A unit value of ground-water pumpage (GW) for a subarea can be calculated by comparing the unit value of surface water delivered to the unit value of irrigation requirement. If surface-water delivery (SW) is less than the irrigation requirement (//?), then:
If the surface-water delivery exceeds irrigation requirement, then:
In areas where the surface-water delivery exceeds irrigation requirement, the irrigation efficiency is lower than predicted by the depth to water relation. A value of irrigation efficiency based on application can be computed:
Irrigation requirement and surface-water delivery data for 1980 and 1984 are shown in table 5. From these data, ground-water pumpage and ground-water recharge were calculated (table 5). In addition, irrigation efficiency in subareas in which surface-water delivery exceeds irrigation requirement also were calculated (table 5) . The three areas not requiring ground-water pumpage (for example, surface water exceeded calculated irrigation requirement) are underlain by extensive on-farm drainage systems. In contrast, the six subareas without excess surface water are not underlain by on-farm drains.
Ground-water pumpage estimates in this report can be compared with the interviews with the individual water districts as compiled by W.E. Templin (U.S. Geological Survey, written commun., 1989). Templin reports that in general the Tranquillity and Westlands Water Districts use ground-water pumpage and the Firebaugh, Broadview, and San Luis Water Districts do not. Templin does not provide pumpage information on the Panoche Water District. Pumpage estimates for 1980 concur with the findings of Templin except for the San Luis subarea. 
DISTRIBUTION OF PUMPING
Estimation of a water budget for the study area indicates that ground-water pumpage is needed to supplement surface-water delivery in the four subareas within the Westlands Water District and in certain years in San Luis, Broadview, and Tranquillity Water Districts. It is also important to estimate the
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percentages of pumping from the confined and semiconfined zones, below and above the Corcoran Clay Member.
Several workers have reported on the distribution of pumping from the confined and semiconfined zones. Bull and Miller (1975) presented a map showing the distribution of ground-water pumping with respect to the Corcoran Clay Member. Bull and Miller's (1975) map shows a trend from predominantly confined zone pumping along the Coast Ranges to predominantly semiconfined zone pumping along the valley trough. The exceptions to these trends are areas where poor-quality ground water occurs in the semiconfined zone. Diamond and Williamson (1983) also present a map, based on well perforation data, indicating the distribution of pumping from a lower and upper aquifer (reportedly coincident with the Corcoran Clay Member in areas where the Corcoran Clay Member is present). Diamond and Williamson's (1983) map shows a distribution of pumping from the zones similar to Bull and Miller's (1975) map, but does not show lesser pumping in the upper aquifer in areas demarcated by Bull and Miller (1975) as having poor-quality ground water above the Corcoran Clay Member.
To estimate the percentage of pumping from above and below the Corcoran Clay Member, the distribution of well perforations was examined. Three maps were overlain to establish pumping subareas for analysis: water-budget subarea boundaries, presence or absence of Sierran sand, and Bull and Miller's (1975) pumping distribution. Eleven subareas were identified for analysis of pumpage (fig. 4) . The Westlands Water District, Sierran sand present, north; Westlands Water District, Sierran sand present, middle; and Westlands Water District, Sierran sand present, south, were identified by Bull and Miller (1975) as having 25 to 50 percent, 0 to 25 percent, and 50 to 100 percent of pumping from above the Corcoran Clay Member. The Mendota Wildlife Refuge was assumed to have no pumping.
For each of the 10 subareas in which pumping might occur, well depth and well perforations were used to determine the percentage of perforation length within the semiconfined and confined zones. For each of the subareas, data from wells of known depth and known perforation length were divided into three categories: wells completed in the semiconfined zone only, wells completed in both the semiconfined and confined zones, and wells completed in the confined zone only. For each of the 10 subareas and for each of the three categories, the following data were compiled: total number of wells, total perforation length above Corcoran Clay Member (if appropriate), and total perforation length below Corcoran Clay Member (if appropriate). From the compiled data, the average perforation length above and below Corcoran Clay Member was calculated. The well-perforation data are presented by pumping subarea in table 6 and are used in subsequent calculations.
The distribution of pumping from the semiconfined and confined zones was evaluated from perforation length data (table 6). In areas where the Sierran sand is absent, the percentages of pumping from the semiconfined and confined zones were evaluated by assuming that the hydraulic conductivity of the Coast Ranges alluvium above the Corcoran Clay Member is the same as the hydraulic conductivity of the poorly consolidated flood-plain, deltaic, alluvial-fan, and lacustrine deposits below the Corcoran Clay Member. This assumption is made because the Coast Ranges alluvium above the Corcoran Clay Member and the poorly consolidated deposits below the Corcoran are heterogeneous. With this assumption, the percentages of pumping from the semiconfined and confined zones were calculated from the percentages of perforation length above and below the Corcoran Clay Member.
In areas where the Sierran sand is present, the analysis is somewhat more complex because the Sierran sand has a coarser texture (Laudon and Belitz, 1991) than the Coast Ranges alluvium and larger average hydraulic conductivity (Phillips and Belitz, 1991) . Conversion of perforation length to percentage of pumping requires establishing a relation between a given length of perforation in the Sierran sand and the same length in the Coast Ranges alluvium.
The well-perforation data were aggregated into two groups: wells in areas where Sierran sand is present and wells in areas where Sierran sand is absent The aggregated data were used to establish an "average" well in the two areas (table 7) . The average well in areas where the Sierran sand is present has a perforation length of 108 ft above the Corcoran Clay Member and 328 ft below the Corcoran day Member. The average well where the Sierran sand is absent has a perforation length of 43 ft above the Corcoran Clay Member and 740 ft below the Corcoran Clay Member. Evidence indicates that the Sierran sand above the Corcoran Clay Member yields more water than the Coast Ranges alluvium. This can be shown by comparing the hydraulic conductivity and texture of Sierran sand with that of Coast Ranges alluvium. The average hydraulic conductivity of Sierran sand is 1.2xlO~3 ft/s and the average hydraulic conductivity of Coast Ranges alluvium is 3.6xlO~4 ft/s (Phillips andBelitz, 1991) ; the 10 KILOMETERS ratio of the hydraulic conductivity is 3.3. The texture of the Sierran sand is typically 65 percent coarse grained and the texture of the Coast Ranges alluvium is typically 35 percent (Laudon and Belitz, 1991) ; the ratio of the texture-weighted hydraulic conductivity is 6.2. Methods used for calculating texture-weighted hydraulic conductivity are explained by Phillips and Belitz (1991) . The relation between a given length of perforation in the Sierran sand and the same length in the Coast Ranges alluvium can be established using the perforation lengths with two assumptions: deposits below the Corcoran day Member have similar hydraulic conductivity to Coast Ranges alluvium above the Corcoran day Member (this assumption was made in preceding analysis of percentage of pumping in areas where the Sierran sand is absent); and the average well has equal yield independent of the presence or absence of Sierran sand. With these assumptions, the average well where Sierran sand is present can be equated to the average well where the Sierran sand is absent:
where a = perforation length above the Corcoran Clay Member in areas where Sierran sand is present; x = "worth" of Sierran sand with respect to Coast Ranges alluvium; b = perforation length below Corcoran Clay Member in areas where Sierran sand is present; c = perforation length above Corcoran Clay Member in areas where Sierran sand is absent; d = perforation length below Corcoran Clay Member in areas where Sierran sand is absent Application of equation 7 to the average well data for the model area (0=108, 6=328, c=43, and d=74G) indicates that x=4.2l. This value is consistent with the range indicated by the hydraulic conductivity and textural data.
The percentages of pumping from the semiconfined and confined zones where the Sierran sand is present was estimated by multiplying the perforation length above Corcoran Clay Member by 4.21 to calculate a "weighted" perforation length above the Corcoran day Member. The perforation length below the Corcoran day Member is multiplied by 1. The percentage of pumping above the Corcoran Clay Member is equivalent to the ratio of the weighted perforation length above the Corcoran day Member to the total perforation length; the percentage of pumping below the Corcoran day Member is calculated in a similar manner (table 8) . 
